Potatoes (Solanum tuberosum L.) are one of the most consumed and nutritionally important vegetables in the world, which is why its quality and safety are very important. Potential risk factors for potato consumers are some toxins called glycoalkaloids, which naturally accumulates in potatoes during growth, harvesting, transportation and storage. It is stated that safe glycoalkaloid concentration level into fresh potato tubers with skin is not higher than 200 mg kg -1 . Figures above this concentration might affect the health of consumers, causing, for example, digestive troubles and nerve system damage. The objective of this review is to outline the glycoalkaloid classification, the factors affecting the glycoalkaloid accumulation process, and the effect on technological processes of the glycoalkaloid level in potato tubers. The goal of this review is to highlight the importance of this subject and to encourage the widening of the glycoalkaloid research horizon. Different research shows that the most significant glycoalkaloid concentration raise happens during potato tuber exposure to direct sunlight. If for a few hours under direct sunlight, the glycoalkaloid concentration rises considerably. Prolonged potato storage under bulb light, for example, on shop counters, also raises the glycoalkaloid concentration. Peeling significantly reduces glycoalkaloid concentration, because glycoalkaloids are partly removed from potato tubers with the skin. Also, boiling potatoes in water and also the frying process remove partly the glycoalkaloids. Cutting, slicing, rinsing with water, baking, cooking, blanching, pulsed electric field do not significantly affect the glycoalkaloid concentration in potatoes tubers.
Introduction
Potatoes are important vegetables and are widely grown and consumed due to the fact that they yield good crops under different growing conditions, while containing many valuable nutritional compounds, such as proteins, carbohydrates, vitamins, minerals (Lisińska et al., 2009; Rytel et al., 2011) . Potatoes yield also has more calories per acre than other widely grown crops (Navarre et al., 2009 ). Apart from nutritional compounds, potatoes also contain glycoalkaloids, viz. naturally accumulated toxins during potato growth and storage. Glycoalkaloid accumulation is triggered by environmental (natural and human stimulated) stress (Papathanasiou et al., 1999; Sharma, Salunkhe, 1989) . Major glycoalkaloids in potatoes are α-solanine and α-chaconine (Sotelo, Serrano, 2000; Friedman, Levin, 2009; Omayio et al., 2016) . As stated by the World Health Organization, the safe level of glycoalkaloids in fresh potato tubers is considered to be from 20 to 100 mg kg - (Hellenas et al., 1992) , but higher doses can cause nerve system damage, coma and even death (Friedman, 2006; Langkildea et al., 2009 ). The bitter taste of potatoes is one of the indicators of increased glycoalkaloid level presence and is common in potatoes (fresh weight) which have more than 140 mg per kg of glycoalkaloids (Sinden et al., 1976; Zitnak, Filadelfi, 1985; Johns, Keen, 1986) . Some in vitro studies show certain beneficial effects of glycoalkaloids, for example, anticancer effect Lee et al., 2004) , but this possibly positive value of glycoalkaloids still need to be well studied and admission of glycoalkaloids for medical purposes cannot be done directly from fresh or processed potatoes. It is important to avoid potatoes exposure to direct sunlight during harvesting and storage, as this can drastically and fast raise the glycoalkaloid level, forcing its concentration above the maximum safe limit (Kirui et al., 2009 ). In the storage process, for example, in shop counters usually potatoes are affected by two negative factors, i.e., too high (room) temperature and bulb light; after prolonged influence of those factors, potatoes start to sprout and/or turn green, while also accumulating glycoalkaloids (Cantwell, 1996) . Basically any light source can increase the glycoalkaloid level during storage and even during potatoes growth, when some potatoes are not properly covered with soil (Dimenstein et al., 1997) . Slicing, bruising and cutting are human-stimulated stress factors which also raise the glycoalkaloids level (Mondy et al., 1987; Mondy, Gosselin, 1988) . Potatoes are quite different genetically in their ability to produce glycoalkaloids (Dale et al., 1993) , which is why it would be advisable to find and use potatoes varieties which have lower glycoalkaloid accumulation tendency. Some technological processes might help to reduce the glycoalkaloid level. It is important to understand the conditions in which glycoalkaloid level raises, so as to try to avoid such conditions, while it is vital to ascertain technological processes that reduce the glycoalkaloid level. A great deal of research has been made worldwide on glycoalkaloids. The aim of this article is to summarize the key points on glycoalkaloid classification, accumulation and reduction. The objective of this review is to outline the classification of glycoalkaloids, the factors affecting the glycoalkaloid accumulation process, and the effect of technological processes on glycoalkaloid level in potatoes tubers.
Materials and Methods
In this review, a monographic method has been used, i.e., studying scientific papers on the classification of glycoalkaloids, the factors affecting the glycoalkaloid accumulation process, and the technological process effect on glycoalkaloid level.
Results and Discussion
Chemical structure of glycoalkaloids Glycoalkaloids are secondary metabolites and the most common alkaloids within the Solanaceae family. These compounds are biosynthesised from cholesterol -the same precursors as steroids. In Solanum species, the main glycoalkaloids are solanidanes and spirosolanes. In potatoes, two most important glycoalkaloids are α-solanine and α-chaconine ( The trisaccharide sugar moieties of α-solanine is called a solatriose, consisting of D-glucose, D-galactose, L-rhamnose, whereas α-chaconine is called a chacotriose, consisting of D-glucose and two L-rhamnose molecules (Vaananen, 2007) . Other glycoalkaloids (β-solanine, γ-solanine, β-chaconine, γ-chaconine, α-solamarine, β-solamarine, 5-β-solanidan-3-aol and demissidine) are in very low concentrations (Friedman, McDonald, 1997) . α-chaconine is more toxic than α-solanine and in several studies the ratio between α-solanine and α-chaconine is compared.
Biological activity of glycoalkaloids
Glycoalkaloids are present in potatoes and many other members of Solanaceae, including eggplants and tomatoes, and they are secondary metabolites, whose main role is to protect potatoes from environmental stress, for example, pathogens and injuries (Navarre et al., 2009) 1 . Glycoalkaloids are located in the whole potatoes plant, but the highest concentration is in unripe fruit, sprouts, flowers and potato tuber skin (Friedman, 2005) . The glycoalkaloid content of potato tubers depends on the potato cultivar and ranges from 22.4 mg to 208.9 mg per kg of fresh potato tubers (Friedman, McDonald, 1999) . In Latvia, grown potatoes total glycoalkaloid level ranges from 12.9 mg to 28 mg per kg fresh potato weight (whole potato with skin) and from 1.9 to 21.5 mg per kg fresh potato weight (potato without skin) (Saleniece et al., 2011). Examples of distribution of glycoalkaloids in white, yellow, red and blue flesh potatoes are presented in Table 1 . The glycoalkaloid level can depend on specific potatoes genetics and geographical factors (Friedman, 2006) . The level can raise during harvesting process, transportation and storage and it is provoked by tuber damage, exposure to pathogens, direct light from sun or bulb, heat (Friedman, 2006; Kirui at al., 2009 ). If prolonged exposure to direct sunlight is avoided during harvesting, then such exposure might take place when potato tubers are sold in fairs, as in such cases tubers are temporarily stored in uncovered counters whole day under clear sky and there is a high risk of buying high glycoalkaloid level affected potato tubers (Kirui et al., 2009 ). To present the ideological distribution of glycoalkaloids in different potato parts, there is an example below, in Table 2 . These data were established in the 20 th century and are still valid under specific research conditions and are provided here to generally show the significant difference of glycoalkaloids in different potato parts. Glycoalkaloids accumulate twice as fast at 24 °C than 7 °C in dark room, but in light they can develop even up to nine times faster already after 24 hours at 24 °C when also exposed to bulb light (Cantwell, 1996) . Table 3 shows examples of glycoalkaloid accumulation amount in different light and temperature conditions. Direct sunlight, brighter artificial light, less glycoalkaloid accumulation resistant potato varieties and the simultaneous influence of several negative conditions (i.e., direct light plus high temperature) might result in faster glycoalkaloid accumulation. 
Content of glycoalkaloids in potatoes
No maximum levels for glycoalkaloids in potatoes have been established at EU level. Some Member States have a national maximum level of 200 mg per kg
Influence of technological processes to glycoalkaloids content
The influence on glycoalkaloids of the technological processes carried out on potatoes are presented in Table 4 . Depending on the glycoalkaloid overall content in specific cases, potato tubers peeling can reduce the glycoalkaloid level up to 58% Czopek et al., 2012) . Cutting, slicing and rinsing with water barely reduces the level of glycoalkaloids. Blanching potatoes has a slightly higher effect compared to the previously mentioned processes and removes a small part of glycoalkaloids, because, since they are water soluble, a part of them is removed during this process; however, the removed amount is insignificant (Rytel et al., 2005; Peksa et al., 2006) . Boiling in water reduces glycoalkaloids in whole potato tubers by 22% in average, due to the glycoalkaloid solubility in water, hence some part of glycoalkaloids leak from tubers in that process 
